Introduction
The brittle shear failure strength of rocks under ambient crustal conditions provides the upper limit to their frictional strength [Brace and Kohlstedt, 1980; Kirby, 1980; Strehlau, 1986; Kohlstedt et al, 1995] . Although mechanical failure, such as faulting, usually occurs on a plane of weakness, at some stage, the rupture will be resisted by patches of high rupture growth resistance, such as asperities and barriers along the fault. The highest rupture growth resistance of the fault zone depends on the shear fracture properties required to shear the largest asperity. Furthermore, at high pressures and temperatures close to the base of the brittle crust, frictional strength will begin to conform to intact rock strength. It is therefore crucial to determine the strength of intact rock, as a first approximation to estimating the upper bound for frictional strength.
Simple models for lithospheric strength show that the shear frictional resistance acting on faults increases linearly with depth according to Byerlee's Law [Byerlee, 1978] in the brittle regime, below which the resistance falls off exponentially according to a plastic flow law [Kirby, 1980; . This leads to a sharp brittle-plastic transition where extrapolations of the two laws intersect. More recent models remove this sharp transition by incorporating a broad zone of brittle-plastic transition between the brittle and plastic zones [Scholz, 1988; Ranalli, 1995] . However, the strength profile in this transition zone is poorly understood due to a lack of experimental observations at the environmental conditions prevalent in this zone. The important deformation variables influencing shear resistance of wet lithospheric materials are pressure, temperature, strain rate, and interstitial pore fluid pressure (including mechanical and chemical effects). In particular, it is essential to have a clear understanding of the effects of both pressure and temperature on shear strength. In the purely brittle regime, mechanical properties of rock are highly pressure sensitive, but approximately temperature insensitive, and vice versa for the purely plastic regime. On the other hand, within the brittle-plastic transition zone, rock fracture is both temperature and pressure sensitive and as such both effects must be quantified separately. Although all the variables above are important, this study concentrates on the effects of effective normal stress and temperature on shear 
Experimental procedure
Granite is one of the major constituents of the crust, and is therefore selected as a representative rock type. Tsukuba granite (from the Ibaraki Prefecture, Central Honshu, Japan) was used in this study, because it is fine grained (0.5-1mm diameter), isotropic and homogenous, similar to Westerly granite. Approximate modal compositions are: quartz 30%, alkali feldspar 30%, plagioclase feldspar 30%, biotite 5%, chlorite 5%, muscovite <1%, magnetite and accessory minerals <1%. Porosity is estimated to be 0.58-0.79%. There was no pervasive fabric observed in the blocks, even so, samples were cored and deformed in the same orientation.
Sample dimensions were cylindrical, 40mm length, 16mm diameter, with <0.02mm axial parallelism. Samples were air dried for over 1 week, and wet samples were fully submerged in water after 2 episodes of boiling to drive air out of pore spaces in order to achieve saturation. Full saturation was reached after 2 weeks of submerging. The sample is placed inside a graphite sleeve (also water saturated for wet tests). The graphite has a higher porosity than granite, and is also much weaker. It serves to aid even pore fluid distribution and also to buffer the jacket from rupturing during large amounts of slip. The sample and graphite sleeve are then placed inside a clean silver jacket. One test at 480øC showed "welding" after fracture. Stesky [1978] observed that welding over the entire fault surface occurred at 500øC in frictional sliding experiments. He showed that frictional shear strength of granite will conform to the shear failure strength of initially intact granite above a critical temperature (•,500øC). Crystal plastic deformation near the fault surfaces is required to make the real area of contact equal to the nominal area, which will lead to welding of the surfaces, allowing the frictional strength to approach the failure strength of intact rock. Stesky [1978] optically observed plasticity in quartz above 500øC and with a transmission electron microscope he was able to find a marked increase in dislocation density at 700øC. Griggs et al [1960] also found evidence of plastic deformation of quartz above 500øC. In our tests, a thicker fault zone was observed at higher temperatures, which supports Wong [1982a] who inferred plasticity facilitated a thicker fault zone. We suggest that welding and a wide fault zone are evidence for plastic deformation in our tests.
Keeping all these observations in mind, we infer that the operative deformation mechanism >400øC is mixed between chiefly brittle and marginally ductile (possibly plastic) processes. Biotite semi-brittleness/ductility is seen in the form of kink bands even at dry room temperature conditions, which suggest that biotite is not responsible for the transition at 400øC. Feldspar does not deform plastically until far greater temperatures, above 700øC [Tullis and Yund, 1980] . Therefore, we suggest that ductile, possibly plastic, quartz deformation is initiated at >400øC, below which quartz deformation is purely brittle, hence suggesting that quartz is responsible for the observed transition.
Conclusions and Future Work
We 
